Objective: The aim of this study was to develop and validate a patient-reported outcome measure to evaluate body image concerns in head and neck cancer (HNC) patients.
| INTRODUCTION
Patients diagnosed and treated for head and neck cancer (HNC) typically experience visible changes in facial appearance and body function as a result of tumor site (eg, oral cancer), advanced disease, wide tumor excision, adjuvant radiation therapy, and treatmentrelated complications (eg, rejection of free tissue transfer, osteonecrosis requiring partial mandibulectomy). 1 These changes imply activity limitations and participation restrictions, such that medical care must adopt a broader definition of function 2 including the patients' perspective and experience, as informed by patient-reported outcomes.
One such personal experience affected by visible changes is body image, 3, 4 defined as "a general attitude towards one's own body, comprising both investment and perceptive/evaluative components", including meanings attributed to different body-parts. 5 The salience of body image concerns (BIC) in HNC contrasts with the lack of patient-reported outcome measures of this construct for this population. Available measures either contain a single or a restricted number of items measuring body image, solely focus on physical appearance without consideration of function, or include items seemingly irrelevant to HNC. 4, 6 The field of HNC has mainly studied the topic through use of measures developed for breast cancer or in the context of breast reconstruction, namely, the Body image scale (BIS) and the Body image after breast cancer questionnaire (BIBCQ). 7 Recently, two measures were developed for HNC in response to these lacunae:
the Shame and Stigma Scale (SSS) 8 and the Body image screener for cancer reconstruction (BICR). 9 The SSS, while showing satisfactory internal, convergent, and divergent validity, appears to measure a more general construct different from BICs. Shame is "a person, action, or situation that brings a loss of respect or honour". 10 Stigma is defined as "a mark of disgrace associated with a particular circumstance, quality, or person". 11 While shame and stigma are linked with sense of self, most items of this scale do not relate specifically to changes in appearance, function, and/or senses, with several items broadly measuring cancer-related shame and stigma. The BICR has shown preliminary positive results with a small number of HNC patients, but has yet to be validated as a screen for clinically significant body image problems and does not include the functional domain involved in HNC. 10 Considering the above, the goal of our study was to develop 
| Design
A mixed-method approach was used to assess psychometric properties of the MBIS-HNC; Figure S1 summarizes 
| Eligibility and exclusion criteria
Patients were eligible if they had undergone a disfiguring surgery less than 3 years upon referral, defined by type of surgery in consultation with medical teams.
| Recruitment and procedures
Patients were recruited through Otolaryngology-Head and Neck Surgery departments of three large McGill University-affiliated hospitals.
Identified patients/n = 512 were sent a battery of questionnaires via mail, which they completed and mailed back in prestamped, preaddressed envelopes. Two weeks later, responders were resent the MBIS-HNC.
| Measures
The following validated measures were selected as part of scale devel- without rotation combined with an examination of item-to-total correlations, exploratory factor analyses (EFA), and confirmatory factor analyses (CFA) were performed.
Internal consistency reliability was assessed on the reduced item version using item-to-total polyserial correlation (ie, based on multiple ordinal categories) 24 and Cronbach's alpha coefficient. 25, 26 Test-retest reliability was assessed at a 2-week time interval using the intraclass correlation coefficients (ICC1,2). SAS9.4 and RUMM2030 were used for statistical analyses.
3 | RESULTS
| Sociodemographic and clinical characteristics
Of the 512 eligible patients approached, 258 (50.4%) accepted participation. Participants completed the questionnaire in English/ n = 122; 47.3% or French/n = 136; 52.7%, were mostly male/ n = 174; 67.4%, aged 67 years on average/SD = 13.9; range = 23-98,
were mostly married/common-law/n = 166; 64.6%, did not hold a university degree/n = 148; 58%, were retired/n = 141; 54.7%, and had a familial salary of less than $59 000/n = 81; 31.4%. They were diagnosed on average 23 months previously/SD = 12.9, had an ECOG of 0-1 /n = 216; 83.3%, 31.5% reported at least one comorbid medical condition /n = 109, and most had surgery /n = 237; 91.9% and/or radiotherapy /n = 136; 52.7%. Most common cancer sites included cutaneous carcinomas/n = 98; 38.3%, oral cavity /n = 53; 20.7%, oropharynx /n = 31; 12.1%, nasal sinus/maxilla /n = 18; 7%, and larynx/ n = 17; 6.6%. Table S1 summarizes participant characteristics.
| Targeting and factorial validity of MBIS-HNC
A PCA without rotation was conducted on the preliminary 55-item Table S3 shows descriptive statistics of included items, theoretical and actual range, floor/ceiling effects, and overall reliability and testretest reliability (ICC1,2). The presence of potential floor and ceiling effects were first analyzed. There were no considerable ceiling effects for any items; preliminary data determined floor effects from 51.6 to 85.7% for the preliminary questionnaire.
An EFA was first completed and led to the deletion of items 3A,
8A, 21NS, 40NS2, and 45A as they loaded highly on more than two factors/ Table S2 . Given three theoretical domains were hypothesized (ie, negative self-image, social discomfort, and avoidance), a CFA using the hypothesized three factors was run. In Table S3, items An overall Cronbach's alpha coefficient of 0.98 on the remaining items indicated excellent internal consistency. Item-to-total correlations were also excellent, as polyserial item-to-total correlations ranged 0.56 to 0.86 with the total score ( 
| RMT psychometric analyses
We further evaluated the scaling properties and construct validity of MBIS-HNC using the RMT, as although RMT provides similar results than CTT, it provides more detailed diagnostic information on how to improve the scale than CTT does. Table S4 The PSI, an analogous coefficient to Cronbach's alpha, was 0.97.
Given the insufficient probability value of the initial model, the item category thresholds were examined; see Figure S2 for an illustra- This led to the final model with a total of 21 items, which had improved model fit with a Chi-square probability of 0.05. The PSI remained high at 0.96.
Local dependency was then evaluated using response dependency and unidimensionality. Unidimensionality of MBIS-HNC; ie, confirmation of whether the MBIS-HNC is measuring a single dimension/construct, was assessed using independent t-tests between item subsets identified by a PCA of the residuals. Table S4 shows that 14.1% of t-tests were statistically significant for the initial model, which decreased to 9.5% for the final model (above recom- As seen in Table S5, 
| Study limitations
Although usual methods for patient-reported outcome development were followed, there may still have been a selection. The scale presents high floor effects across all items in different patient samples, a finding further supported by use of the RMT and targeting using the MBIS-HNC person-item threshold distribution. Further validation efforts should be performed to determine on the one hand whether this floor effect is caused by a perfectible instrument or on the other hand to confirm that reporting low levels of BIC is consistent with the phenomena the instrument purports to assess. The first hypothesis would involve sampling patients with significant levels of disfigurement, dysfunction, or distress, or using qualitative and quantitative methods to include additional items at lower BIC levels, once potential biases in sampling is addressed. As for the second hypothesis, one may think that the current sample is representative of the HNC population, and that BICs in this population is overall less intense than expected. If so, this would imply that only patients with significant BIC are the focus of targeted care, underscoring the assessment's utility and efficiency. This second hypothesis is also verified by very large subsample studies that aim at finer refinements along the full spectrum of scores.
It is finally important to consider that body image may be viewed and experienced differently depending on one's culture, which would preclude extending our findings to other languages and cultures. 
| Clinical implications

